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(54) SEALED LEAD-ACID BATTERY SEPARATOR 

(57) A separator for a valve-regulated lead acid bat- 
tery consists mainly of fine glass fibers. The separator 
includes inorganic powder in an amount of 5 to 30 % by 
weight and natural pulp in an amount of 3 to 20 % by 



weight, and has a density of not less than 0.165g/cm3 
The separator sufficiently suppressesthe occurrence of 
electrical short circuits between the positive and nega- 
tive electrode plates. 



o 

00 

o 



Q. 

UJ 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 170 809 A1 

Description 

Field of the Invention 

5 [0001] The present invention relates to a separatorfor a valve-regulated lead acid battery. More particularly, it relates 
to a separator for a valve-regulated lead acid battery, which is mainfy made of fine glass fibers and also includes 
inorganic powder and natural pulp in order to improve its property of suppressing short circuits between positive and 
negative electrode plates of the battery. . . 

10 Background of the Invention 

[0002] A conventional separator for a valve-regulated lead acid battery has a shape of a sheet, and contains glass 
fibers as the main component. A conventional separator is occasionally penetrated or ripped by local pressure given 
from a salience on an electrode plate or by crystal growth of lead in the separator during charging thereof, which causes 

15 a short circuit between positive and negative electrode plates and Interrupts electrical charge or discharge of the battery. 
This Is because the conventional separator does not have a sufficient mechanical strength, so that It is easily penetrated 
or ripped by the salience on the electrode plate, and because the conventional separator has a relatively low density 
and contains relatively large pores to easily allow crystal growth. With a thinner conventional separator, a short circuit 
occurs more often because the decrease of the thickness makes the mechanical strength of the separator weaker and 

20 the positive and negative electrode plates closer. 

[0003] Increasing density and decreasing pore size and/or pore volume in a separator may prevent crystal growth 
of lead and also prevent an electrical short circuit. It is one possible way to increase the density and decrease the pore 
size and/or pore volume of the separator that the separator includes particles of Inorganic powder such as silica powder 
between the glass fibers. However, when the separator includes the inorganic powder, the relative amount of the glass 

25 . fibers becomes less and interlacing of the glass fibers is reduced. As a result, the mechanical strength of the separator 
is decreased, so that a short circuit caused by pressure from salience of the electrode plates becomes easy to occur. 
[0004] Increasing the mechanical strength of a separator can prevent another cause, penetration or ripping of the 
separator. Japanese patent publications S54-22531 A, S56-99968A, and S58-663B describe to mix synthetic fibers 
with glass fibers for strengthening the separator. However, since the synthetic fiber is less hydrophtlic than the glass 

30 fiber, the separator including the synthetic fibers has a drawback of lower liquid absorbency and liquid retention for 
sulfuric acid solution. 

[0005] Japanese patent publication S64-52375A discloses a separator Including beaten cellulose to Improve its me- 
chanical strength without lowering its liquid absorbency or liquid retention. However, beaten cellulose brings only a 
slight change in the density of the separator so that it does not prevent short circuits caused by crystal growth of lead. 

35 

Object and Summery of the Invention 

[0006] it is an object of the present invention to overcome disadvantages described above and to provide a separator 
for a valve-regulated lead acid battery which is mainly made of fine glass fibers and also includes inorganic powder 
40 and natural pulp in order to improve the property of suppressing the short circuits between the positive and negative 
electrode plates of the battery, and, further, which has an increased density to make the separatorthinner and applicable 
to fiat electrode plates. 

[0007] A separatorfor a valve-regulated lead acid battery of the present invention is mainly made of fine glass fibers 
and includes inorganic powder and beaten natural pulp. The separator contains 5 to 30% by weight of the inorganic 
45 powder and 3 to 20% by weight of the natural pulp. The density of the separator is equal to or more than 0.1 65g/cm3. 
[0008] An electrical short circuit between positive and negative electrode plates in a valve- regulated lead acid battery 
occurs mostly due to the following two causes; 

[1] Mechanical short circuit 

so 

[0009] A salience on an electrode plate (unevenness of a grid, granule of active material, and the like) gives local 
pressure or shearing force to a separator. When the separator Is not strong enough, the salience penetrates or rips 
the separator and reaches the opposite plate to cause a short circuit. 

55 [2] Electrochemical short circuit 

[0010] At the end of electrical discharging of the battery, sulfate ions in electrolyte are consumed and the electrolyte 
becomes almost pure water, whereby the electrolyte is increased in its solubility of the lead ion. Consequently, a part 
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of lead sulfate formed on the positive and negative electrode dissolves into the electrolyte. When the battery is charged 
after that, lead ions in the electrolyte are reduced on the negative plate and lead is deposited thereon and crystallized.- 
The lead crystal grows into the separator until it reaches the opposite plate to cause a short circuit. 
[00111 *n the present invention, in order to suppress the occurrence of short circuits due to the above cause [2], 

5 inorganic powder such as silica powder is mixed Into the separator to decrease the size of pores in the separator and 
Increase the density of the separator. Furthermore, beaten natural pulp is mixed into the separator to improve the 
tensile strength and the durability to penetration so that short circuits due to the above cause [1] is suppressed. Since 
both inorganic powder and natural pulp are highly hydrophllic, the performance of the separator Is not reduced. 
[0012] The separator of the present invention suppresses effectively the short circuit due to the above two causes. 

10 The separator can be produced in one process, thereby lowering the production cost. 

[0013] Furthermore, since the separator of the present invention has a relatively high density, it can be thinner and 
successfully applicable to flat electrode plates placed in a small distance from 0.3 to 0.7mm. 

[0014] In the present invention, acid resistant glass fibers having a mean fiber diameter of not greater than 1 ^im are 
suitable for the fine glass fibers and the silica powder having a specific surface area of not less than 1 0Om^/g is suitable 
IS for the inorganic powder. Natural pulp to be used is preferably beaten to have the Canadian freeness of 250mL or less. 

Detailed Description of the Preferred Embodiments 

[0015] Hereinafter, preferred embodiments of the present invention will be described in detail. 
20 [0016] The separator for a valve-regulated lead acid battery of the present invention is mainly made of fine glass 
fibers, includes inorganic powder in an amount of 5 to 30 % by weight and beaten natural pulp in an amount of 3 to 20 
% by weight, and has a density of 0.1 SSg/cm^ or higher. 

[0017] The fine glass fibers are preferably acid resistant glass fibers, more preferably alkali-contained glass fibers 
with good acid resistance and having a rinean fiber diameter equal to or smaller than 1 \i m. The separator Includes 

25 the fine glass fibers preferably in a range from 50 to 92 % by weight. Fine glass fibers with a mean fiber diameter larger 
than 1 |i m^ have lower liquid retention and sheet-form ability. When the separator includes the fine glass fibers in an 
amount of less than 50 % by weight, the separator does not have a good liquid retention. More than 92 % by weight 
of the fine glass fibers results in relatively small amounts of inorganic powder and natural pulp, whereby the separator 
is not fully prevented from short circuits. 

30 [0018] When the amount of the inorganic powder is less than 5 % by weight, the occurrence of short circuits is not 
suppressed successfully. More than 30 % by weight of the inorganic powder means relatively small amounts of the 
finegiassfiberand the natural pulp, whereby the separator does not have enough high mechanical strength. Therefore, 
the amount of inorganic powder is preferably in a range from 5 to 30 % by weight. 

[0019] Silica, titanium dioxide and diatomaceous earth can be used as the inorganic powder. Silica powder having 
35 a specific surface area equal to lOOm^/g or larger is most suitable because of its high hydrophilic property and low 
cost. Silica powder having a specific surface area equals to 1 00m2/g or more have enough pores inside and on surfaces 
thereof so as to give sufficient liquid retention to the separator. 

[0020] When the separator includes beaten natural pulp of less than 3 % by weight, the separator does not have 
enough- high mechanical strength since the separator includes the inorganic powder which reduces the mechanical 

40 strength of the separator, whereby the separator is not prevented from short circuits fully. While, when the amount of 
beaten natural pulp exceeds 20 % by weight, the separator becomes too hard to maintain the adhesion with electrode 
plates. Therefore, beaten natural pulp is preferably included in the separator in an amount of 3 to 20 % by weight. 
[0021] Among the natural pulp, it is suitable to use soft wood pulp beaten by a beater or the like. The soft wood pulp 
has long fiber length and is homogeneous so that it can be very effective in reinforcing the separator. The soft wood 

45 pulp is preferably beaten to the extent of 250mL or less in the Canadian freeness (the Canadian standard freeness), 
more preferably 150mL or less, at a concentration of 0.3 % by weight. (For reference, freeness of unbeaten natural 
pulp is 600mL or more.) Natural pulp beaten to the extent of such freeness has a very large specific surface area and 
pore volume, several times as large as those of ordinary pulp do. And it has good reactivity, hydrophilic property, liquid 
retention and acid resistance, and further. It works very effectively as reinforcement. Consequently, even a small amount 

so of such beaten natural pulp is enough to improve strength and hardness of a separator sufficiently, and that small 
amount of pulp cannot ruin liquid retention and liquid absorbency of the separator. 

[0022] In the present invention, a part of natural pulp can be substituted by fibrillated cellulose, which is natural pulp 
finely divided into the size of microfibril and effective to improve mechanical strength of the separator. When the amount 
of fibrillated cellulose substituted for natural pulp is more than 5 % by weight, the separator becomes too hard and 
55 thus loses its adhesive quality with the electrode plates. Therefore, the amount of the fibrillated cellulose should be 
not greater than 5 % by weight and the total amount of fibrillated cellulose and beaten natural pulp should be not greater 
than 20 % by weight. 

[0023] The separator of the present invention is produced by mixing the above compositions in the ratio that makes 



3 



IS 



EP1 170 809 A1 

Te S're °' Preferably in . range 0.165-0.250g/cm3. and. then, making sheet of 

[0024] In the present invention, when the density of the separator is lower than 0.1 65 g/cm3 the separator includes 
a lot of pores. That means such a separator having the density of lowerthan 0.165g/cm3 can not sSntrsuoi^-e« 

[0025] The separator of the present invention has such a high density that It prevents short circuits of the batterv 

'^^^ separator of the present invention is very useful for flat electrode plates 

1™. "r'"^",^'"' P^^"^"^ be described in detail with reference to examples and comparative 

M t" °, P'"^^"* '"^'t^^ »° »he following exampL. 

[0028] Materials used in the examples and comparative examples are given below. 

[Materials] 

^'^^^ • ^"<^"-°°"lai"'n9 Slass fiber having a mean fiber diameter of 0 8am 
[0030] Powder: silica powder having a specific surface area of about 200 m2/g 

E TT .^"^ ^^^'^^ '° ^'^^"t °^ 150mL in the Canadian freeness 

of Sut "''^ ^-ing a mean fiber diameter of about 20 ^ur, and a fiber length 

Examples 1 and 2, and Comparative Examples 1-4 

[0033] Samples of separators for valve^reguiated lead acid batteries were prepared with comDOsitions alven ir, T«hi» 
1 . Characteristics of the samples were measured by the following methods and the resl a7e in 'abTe 1 . 

i) Thickness [mm] and Density [g/cm^] 

[0034J Thicl<ness T of each sample was measured under a pressure of 0 2kaf/ cm2 fPOkPa^ pnniinH thr^n^w 

fs aThf^^^^^^^^ 1° ^^"^^^ '''' --P^ calcuSbyThe o^^^^^^ ^^^^^ 

IS a thickness measured as the above. W is mass measured by an electronic balance, and S Is an area 

3s li) Tensile strength [gf/1 0mm2(N/1 Omm2)] 

[0035] Tensile strength of each sample was measured according to SBA4501 . 
ill) Strength against penetration 

i°2f«m.tfr °' ^T"'.^ penetration was estimated by the following method: to press a needle havina 

a dimeter of 1mm and a spherical tip thereof vertically against the fixed sample at a speed of 120mrXin and to 
measure a maximum load applied to the needle at the moment when the needle stuck the sample theST since the 

ZT^Z °? 'T.f'^'' ' ^"^'^ ^'^^P^^ °^ "-'^'^ «P-. the mea^red maZimfo^S^as 

compared relatively with the maximum load of the standard sample (Comparative Example 1), which was set to 100 

iv) Liquid absorbency [mm/min] 

[0037] Liquid absorbency of each sample was measured in the following manner- immerse the bottom of s ««mnio 

"to the slmo.: '^^'"^ ^ =P^°'«'= 9-^^ °^ -asraTe of the soil so^^^^^^^^^ 

into the sample in one minute after it was immersed. ^wfuuun soaring 

v) Electrochemical short circuit time 
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[0038J A sample separator having 0.5mm of thickness was disposed in between two flat electrode olates with 7mm2 
Of area, and they were soaked into a saturated solution of lead sulfate. Then, a constant vS o'^ 

th^ o?sS ^''"^ "^^^^'^'^ '-^ -^'^h 9^-^ th^ neSe Plate an^^^^^^^^^^ 

the positive plate, electrical resistance between the electrode plates dropped remarkab^. Meas,ure the elaps^^^^^^^^ 
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from applying the voltage to the remarkable drop of the resistance. Divide the measured tinne by the thickness of the 
separator to obtain a measured electrochemical short circuit time. The measured electrochemical short circuit time of 
each sample was compared with the result of the standard sample (Comparative Example 1 ), which was set to 1 00. 
[0039] Among the above characteristics, strength against penetration is a barometer of the occurrence of mechanical 
short circuits. The stronger a separator is against penetration, the more durable it is against mechanical short circuits. 
The separator is better at preventing electrochemical short circuits, if it has a longer electrochemical short circuit time. 



Table 1 









Examples 


Comparative Ejcamples 








1 


2 


1 


2 


3 


4 




Glass fiber 


80 


75 


100 


80 


75 


90 


it 


Silica powder 


10 


20 


■ — 


— 


20 


— 


Compo 


Beaten pulp 


10 


5 


— 


— 


— 


10 


Thermoplastic organic fiber 








20 


5 






Thickness(mm) 


0.5 


0.5 


0,5 


0.5 


6.5 


0.5 




Density(g/cm^) 


0.18 


0.20 


0.14 


0.15 


0,20 


0.15 


Btics 


Ibnsile strength 


(gClOmm*) 


480 


360 


440 


660 


300 


720 


acterii 


(N/lOnun*) 


4.7 


3.6 


4.3 


6.0 


2.9 


7.1 


Char 


Strength against penetration* 


190 


120 


100 


270 


70 


200 




Liquid absorbency(msa/min) 


50 


50 


50 


40 


45 


50 




Electrochemical short circuit tune* 

■ 


4500 


6000 


100 

! 


250 


1600 


300 



^: Relative values in setting resiilts of Comparative example 1 to 100. 



[0040] As shown In Table 1 , the sample of Comparative Example 1 composed only of glass fibers is not strong against 
penetration and has a short electrochemical short circuit time. The sample of Comparative Example. 2 composed of 
glass fibers and organic fibers is relatively strong against penetration, yet has a relatively short electrochemical short 
circuit time and poor liquid absorbency. The sample of Comparative Example 3 composed of glass fibers, silica powder 
and organic fibers has a long electrochemical short circuit time, yet is very weak against penetration. The sample of 
Comparative Example 4 composed of glass fibers and beaten pulp is very strong against penetration and good at liquid 
absorbency, yet has a relatively short electrochemical short circuit time. 

[0041] On the other hand, each sample of Examples 1 and 2 composed of glass fibers, silica powder and beaten 
pulp in the ratio given in Table 1 is very strong against penetration and has a long electrochemical short circuit time 
without lowering liquid absorbency. Therefore, these separators are very good at preventing short circuits. 

Industrial Applicability 

[0042] As detailed above, according to the present Invention, the following advantages (1) to (4) are given to the 
separator, so that the separator sufficiently suppresses the occurrence of short circuits between positive and negative 
electrode plates and has excellent qualities as a separator such as liquid absorbency and a low production cost The 



EP 1 170 809 A1 

separator of the present invention is exceedingly useful when it is made thin to use for a separator between flat electrode 
ilates. 

(1 ) The separator has high density because of inorganic powder retained among glass fibers. The inorganic powder 
in the pore of the separator prevents crystal growth of metallic lead. Microfilament of beaten natural pulp works in 
the same way with the Inorganic powder As a result, an electrical short circuit caused by crystal growth of metallic 
lead is suppressed. 

(2) Beaten natural pulp makes an improvement in mechanical strength of a separator, especially In strength against 
penetration. Therefore, the separator cannot be easily penetrated nor ripped by local pressure caused by salience 
of electrode plates. 

(3) Since the separator consists of hydrophillc materials only. It has an excellent hydrophilic property and liquid 
retention so that the battery has an excellent performance. 

(4) The separator can be easily produced through one process of mixing and making sheet to allow a low production 
cost. 



laims 

A separator for a valve-regulated lead acid battery, which Is mainly made of fine glass fibers and also Includes 
inorganic powder and beaten natural puip, 

wherein the amount of said Inorganic powder is 5 to 30 % by weight, the amount of said natural pulp is 3 to 
20 % by weight, and the density of the separator is equal to or higher than 0.165g/cm3. 

A separator for a valve-regulated lead acid battery as claimed in claim 1 , wherein said fine glass fibers are acid 
resistant glass fibers having a mean fiber diameter equal to or smaller than 1 ^m. 

A separator for a valve-regulated lead acid battery as claimed in claim 1 or 2. wherein said inorganic powder is at 
least one selected from the group consisting of silica, titanium dioxide, and diatomaceous earth, 

A separator for a valve-regulated lead acid battery as claimed in claim 1 or 2, wherein said inorganic powder is 
silica powder having a specific surface area equal to or larger than lOOrn^/g. 

A separator for a valve-regulated lead acid battery as claimed in any one of claims 1 to 4, wherein said natural 
pulp is beaten to the extent of having Canadian freeness equal to or lower than 250mL. 

A separator for a valve-regulated lead acid battery as claimed in any one of claims 1 to 5, wherein the amount of 
said fine glass fibers is 50 to 92 % by weight. 

A separator for a valve-regulated lead acid battery as claimed in any one of claims 1 to 6. wherein said natural 
pulp Is soft wood puip beaten by a beating device including a beater. 

A separator for a valve-regulated lead acid battery as claimed in any one of claims 1 to 7, wherein a part of said 
natural puip is fibrillated cellulose. 

A separator for a valve-regulated lead acid battery as claimed in claim 8, wherein the amount of fibrillated cellulose 
is equal to or less than 5 % by weight, and the total amount of the fibrillated cellulose and the beaten natural puip 

is equal to or less than 20 % by weight. 

A separator for a valve-regulated lead acid battery as claimed in any one of claims 1 to 9, wherein the density of 
the separator is 0.165 to 0.250g/cm3. 

A separator for a valve-regulated lead acid battery as claimed in any one of claims 1 to 1 0. wherein the thickness 
of the separator is 0.4 to 0.8mm. 
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